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Abstract of JP2002350003 
PROBLEM TO BE SOLVED: To obtain an 
appropriate restricting function easily and 
stably for a long period by using a restricting 
device for dehumidification of a simple 
structure and also to reduce a pressure loss of 
refrigerant piping in cooling and heating 
operations while sharply decreasing a flow 
sound of a refrigerant in a dehumidifying 
operation. SOLUTION: The restricting device 6 
for dehumidification is constituted of an 
opening-closing restrictor which is put in a 
state of opening in the cooling and heating 
operations and makes a first indoor heat 
exchanger 5a and a second indoor heat 
exchanger 5b, divided in two, communicate 
with each other, while it is put in a state of 
restriction in the dehumidifying operation and 
makes the first and second indoor heat 
exchangers 5a and 5b communicate with each 
other. An enlarged-diameter part 11a of piping 
is provided in the portion of the refrigerant 
piping connected to the device 6 which turns to 
be on the upstream side in the dehumidifying 
operation, while a porous member 13 is 
provided in a refrigerant passage in the part 
11a. 
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(57) Abstract : 

PROBLEM TO BE SOLVED: To obtain an appropriate restricting 
function easily and stably for a long period by using a 
restricting device for dehumidif ication of a simple structure 
and also to reduce a pressure loss of refrigerant piping in 
cooling and heating operations while sharply decreasing a flow 
sound of a refrigerant in a dehumidif ying operation. 
SOLUTION: The restricting device 6 for dehumidif ication is 
constituted of an opening-closing restrictor which is put in 
a state of opening in the cooling and heating operations and 
makes a first indoor heat exchanger 5a and a second indoor heat 
exchanger 5b, divided in two , communicate with each other , while 
it is put in a state of restriction in the dehumidif ying operation 
and makes the first and second indoor heat exchangers 5a and 
5b communicate with each other . An expanded pipe 11a is provided 
in the portion of the refrigerant piping connected to the device 
6 which turns to be on the upstream side in the dehumidif ying 
operation, while a porous member 13 is provided in a refrigerant 
passage in the expanded pipe 11a. 

[Claim (s) ] 

[Claim 1] An air conditioner that forms a refrigerating cycle 
by connecting with refrigerant piping a compressor ; a heat source 
side heat exchanger; a user's side heat exchanger thermally 
divided into two; a collimator for air conditionings which is 
arranged in between said heat source side heat exchanger and 
said user's side heat exchanger, and performs wire drawing at 



the time of cooling operation and heating operation; a collimator 
for dehumidif ication which is arranged in between said user' s 
side heat exchangers divided into two, and performs wire drawing 
at the time of dehximidif ying operation; and a four-way valve 
which is arranged in between said compressor and said heat source 
side heat exchanger and said user's side heat exchanger, and 
switches a flow of a refrigerant; and 

wherein the collimator for dehumidif ication includes an opening 
and closing throttle valve which is open for free passage between 
said user' s side heat exchangers divided into two at cooling 
operation and heating operation, and which is closed at 
dehumidif ying operation; and 

wherein the refrigerant piping connected to said collimator 
for dehumidif ication which installs a line-size limb to 
refrigerant piping which serves as the upstream side at least 
at the time of dehumidif ying operation, and porous member is 
installed to the line-size limb in a refrigerant path. 
[Claim 2] An air conditioner that forms a refrigerating cycle 
by connecting with refrigerant piping a compressor ; a heat source 
side heat exchanger; a user's side heat exchanger thermally 
divided into two; a collimator for air conditionings which is 
arranged in between said heat source side heat exchanger and 
said user's side heat exchanger, and performs wire drawing at 
the time of cooling operation andheating operation; a collimator 
for dehumidif ication which is arranged in between said user's 
side heat exchangers divided into two, and performs wire drawing 
at the time of dehumidif ying operation; and a four-way valve 
which is arranged in between said compressor and said heat source 
side heat exchanger and said user's side heat exchanger, and 
switches a flow of a refrigerant; 

wherein the a refrigerating cycle includes a cooling operation 
which uses the user' s side heat exchanger in the cooling side 
cycle as an evaporator, and uses the heat source side heat 
exchanger as a condenser; a heating operation which uses the 
user' s side heat exchanger in the heating side cycle as a 
condenser, and uses the heat source side heat exchanger as an 
evaporator; an air conditioning tendency dehumidif ying 
operation which uses one of the user' s side heat exchangers 



in the cooling side cycle as an evaporator and the other one 
as a condenser, and the heat source side heat exchanger as an 
condenser; a heating tendency dehumidif ying operation which 
uses one of the user' s side heat exchangers in the heating side 
cycle as a condenser and the other one as an evaporator, and 
the heat source side heat exchanger as an evaporator; 
wherein the collimator for dehumidif icat ion includes an opening 
and closing throttle valve which is open for free passage between 
said user' s side heat exchangers divided into two at cooling 
operation and heating operation, and which is closed at air 
conditioning tendency dehumidif ying operation and heating 
tendency dehumidif ying operation; 

wherein the refrigerant piping connected to said collimator 
for dehumidif ication at both sides which install the line-size 
limbs , andporous members are installed to these line-size limbs 
in a refrigerant path. 

[Claim 3] An air conditioner that forms a refrigerating cycle 
by connecting with refrigerant piping a compressor ; a heat source 
side heat exchanger; a user's side heat exchanger thermally 
divided into two; a collimator for air conditionings which is 
arranged in between said heat source side heat exchanger and 
said user's side heat exchanger, and performs wire drawing at 
the time of cooling operation andheating operation,* a collimator 
for dehumidif ication which is arranged in between said user's 
side heat exchangers divided into two, and performs wire drawing 
at the time of dehumidif ying operation; and a four-way valve 
which is arranged in between said compressor and said heat source 
side heat exchanger and said user's side heat exchanger, and 
switches a flow of a refrigerant ,- 

wherein the collimator for dehumidif ication includes an opening 
and closing throttle valve having a valve for opening and closing 
a path for valve itself and a path inside the valve, which is 
open for free passage between said user' s side heat exchangers 
divided into two at cooling operation and heating operation, 
and which is closed at air conditioning tendency dehumidif ying 
operation and heating tendency dehumidif ying operation; 
wherein the refrigerant piping connected to said collimator 
for dehumidif ication which installs a line -size limb to an 



opening inlet portion to the valve body in refrigerant piping 
which serves as the upstream side at least at the time of 
dehumidif ying operation, and porous member is installed to the 
line -size limb in a refrigerant path. 

[Claim 4] The air conditioner according to claim 3, wherein 
the porous member has an aperture smaller than a restriction 
passage after closing the opening-and-closing throttle valve. 
[Claim 5] An air conditioner that forms a refrigerating cycle 
by connecting with refrigerant pipinga compressor ; aheat source 
side heat exchanger; a user's side heat exchanger thermally 
divided into two; a collimator for air conditionings which is 
arranged in between said heat source side heat exchanger and 
said user's side heat exchanger, and performs wire drawing at 
the time of cooling operation andheating operation; a collimator 
for dehumidif ication which is arranged in between said user's 
side heat exchangers divided into two, and performs wire drawing 
at the time of dehumidif ying operation; and a four-way valve 
which is arranged in between said compressor and said heat source 
side heat exchanger and. said user's side heat exchanger, and 
switches a flow of a refrigerant ,- 

wherein the a refrigerating cycle includes a cooling operation 
which uses the user' s side heat exchanger in the cooling side 
cycle as an evaporator, and uses the heat source side heat 
exchanger as a condenser; a heating operation which uses the 
user's side heat exchanger in the heating side cycle as a 
condenser, and uses the heat source side heat exchanger as an 
evaporator; an air conditioning tendency dehumidif ying 
operation which uses one of the user' s side heat exchangers 
in the cooling side cycle as an evaporator and the other one 
as a condenser, and the heat source side heat exchanger as an 
condenser; a heating tendency dehumidif ying operation which 
uses one of the user' s side heat exchangers in the heating side 
cycle as a condenser and the other one as an evaporator, and 
the heat source side heat exchanger as an evaporator ,- 
wherein the collimator for dehumidif ication includes an opening 
and closing throttle valve having a valve for opening and closing 
a path for valve itself and a path inside the valve, which is 
open for free passage between said user' s side heat exchangers 



divided into two at cooling operation and heating operation, 
and which is closed at air conditioning tendency dehumidif ying 
operation and heating tendency dehumidif ying operation; and 
wherein the refrigerant piping connected to said collimator 
for dehumidif ication at both sides which install the line-size 
limbs to an opening inlet portion to the valve body in refrigerant 
piping, and porous members are installed to the line-size limbs 
in a refrigerant path. 

[Claim 6] The air conditioner according to claim 5, which 
comprises a flange by which said porous member attaches the 
edge part to inner skin of said line- size limb; and a convex 
shaped part which projects so that it has an inclined plane 
in the upstream at the time of dehumidif ying operation from 
the center section. 

[Detailed Description of the Invention] 
[0001] 

[Field, of the Invention] The present invention is suitable for 
the air conditioner which divided especially the \ise side heat 
exchanger into two, has arranged the collimator for 
dehumidif ication among these with respect to the air conditioner 
which performs air conditioning, heating, and dehumidif ying 
operation using a refrigerating cycle, and made dehumidif ying 
operation possible. 

[0002] 

[Description of the Prior Art] A conventional air conditioner 
is disclosed in JP, 2000-346495A (prior art 1). This air 
conditioner is provided with a compressor, an outdoor heat 
exchanger, the indoor heat exchanger divided into two, and the 
first flow control valve that is arranged between an outdoor 
heat exchanger and indoor heat exchanger. It performs wire 
drawing at the time of cooling operation and heating operation. 
The second flow control valve that is arranged between the indoor 
heat exchangers divided into two, and performs wire drawing 
at the time of dehumidif ying operation. The four-way valve 
switched to the air conditioning side cycle which leads the 
refrigerant which has been arranged between a compressor, an 
outdoor heat exchanger, and indoor heat exchanger, and came 



out of the compressor to an outdoor heat exchanger . The heating 
side cycle led to indoor heat exchanger is connected by 
refrigerant piping, and the refrigerating cycle is formed. The 
cooling operation which this refrigerating cycle uses the use 
side heat exchanger in the air conditioning side cycle as an 
evaporator, and makes a heat source side heat exchanger a 
condenser. The heating operation which makes a condenser the 
use side heat exchanger in the heating side cycle, and uses 
a heat source side heat exchanger as an evaporator. The air 
conditioning tendency dehumidif ying operation which uses one 
side of the use side heat exchanger in the air conditioning 
side cycle as an evaporator, makes another side a condenser, 
and makes a heat source side heat exchanger a condenser. It 
has a configuration that switches to the heating tendency 
dehumidif ying operation which makes a condenser one side of 
the use side heat exchanger in the heating side cycle, uses 
another side as an evaporator, and uses a heat source side heat 
exchanger as an evaporator. This collimator is constituted 
by forming the main valve body and main valve seat of the second 
flow control, valve by porosity penetration material, or being 
connected to an electromagnetism opening and closing valve and 
parallel, and arranging a sintered metal inside. 

[0003] Another conventional air conditioner is disclosed in 
JP, 11-325655A (prior art 2). By rectifying and uniforming 
disorder of a refrigerant and controlling transfer of pressure 
pulsation in the refrigerant piping of the refrigerating cycle 
of an air conditioner, there are some which vacate an interval 
in the direction of refrigerant circulation, and were made to 
carry out plural -lines insertion of the honeycomb pipe which 
bundled two or more narrow diameter pipes to the refrigerant 
piping connected to the expansion valve which performs wire 
drawing for the purpose of reducing generating of noise at the 
time of air conditioning operation. A porous metal or porosity 
ceramics is disclosed, instead of this honeycomb pipe. 

[0004] Another conventional air conditioner is disclosed in 
JP,11-51514A (prior art 3) . In the dehumidif ying operation 
which dehumidifies while a refrigerating cycle protects the 
fall of a room temperature, it aims at reducing a refrigerant 



flow noise, reducing amount of electricity in use, securing 
required dehumidif ication volume, dividing thermally into two 
the user' s side heat exchangers which forms the refrigerant 
cycle. As the first and second user's side heat exchanger, the 
collimator for dehumidi f ication being formed between the first 
and second use side heat exchangers. In the dehumidif ying 
operation, the first user's heat exchanger at upstream side 
serves as a condenser, and the second user's heat exchanger 
at downstream side serves as an evaporator, by using the 
collimator for dehumidif ication . A collimator for 

dehumidif ication comprises the valve port penetrated to the 
first refrigerant passage that was open for free passage to 
the first use side heat exchanger , the clear aperture penetrated 
to the second refrigerant passage that was open for free passage 
to the second use side heat exchanger, the valve seat in which 
the third refrigerant passage that connects this valve port, 
the clear aperture, the valve rod which has a valve portion 
which performs opening and closing of this third refrigerant 
passage. This valve rod moves, and the structure of the valve 
which opens and closes this third refrigerant passage when this 
valve rod moves is made. When this valve rod closes this third 
refrigerant passage in contact with this valve seat, the 
independent restriction passage surrounded on this valve rod 
and the wall surface of this valve seat is formed. When this 
valve rod and this valve seat separate and this third refrigerant 
passage is opened, there are some which are constituted so that 
the restriction passage which this became independent may make 
this a part of third refrigerant passage united with this third 
refrigerant passage . 
[0005] 

[Problem (s) to be Solved by the Invention] Generally, in an 
air conditioner, if a refrigerant flows an. collimator in the 
state of vapor- 1 iquid two-phases flow, a refrigerant flow noise 
will be generated. The loudness level originates in the flow 
pattern of refrigerant vapor- liquid two-phases flow, and is 
dependent on the size of the air bubbles contained especially 
in a flow. Especially, when the size of air bubbles is larger 
than the size of the restriction passage of an collimator, it 



changes , when the air bubbles pass througha restriction passage , 
and pressure pulsation is generated. This is transmitted in 
an collimator and emitted as a refrigerant flow sound from an 
air conditioner. At this time, an intermittent refrigerant flow 
sound occurs and the amenity is spoiled. In order to reduce 
such a refrigerant flow sound, the smaller possible one of the 
air bubbles which pass through the restriction passage of an 
collimator is good, and it is especially desirable that it is 
a size below the size of a restriction passage. 
[0006] Although the main valve body and main valve seat of the 
second flow control valve are formed by using a porosity 
penetration material, and it is considered as a collimator or 
is considered as the collimator which is connected in parallel 
with an electromagnet ism opening and closing valve, and has 
arranged the sintered metal inside in the prior art 1, since 
a wire drawing was given to the circulation part of this porosity 
penetration material or the sinteredmetal itself , the technical 
problem that it maybe difficult to obtain a suitable wire drawing 
corresponding to the applicable air conditioner to the porous 
member, and the size and number of a hole of sintered metals 
occurred. Although the size of these holes and dispersion of 
the number affected the dehumidif ication performance of the 
air conditioner greatly, the technical problem that it will 
be difficult to form uniformly this porous member, and the size 
and number of a hole of sintered metals, and dispersion in 
dehumidif ication performance has occurred. In some main valve 
body and a main valve seat which are formed by a porous member, 
there was a possibility that the contact portion of the main 
valve body and main valve seat might cause modification by years 
of use. This might cause the technical problem that the amount 
of throttling might change from the initial amount due to leakage 
from the converging section. Also when a dirt, such as trash 
in a refrigerating cycle, has been adhered to the porosity 
penetration material or a sinteredmetal and clogging occurred, 
the technical problem that the amount of throttling will become 
large has occurred. 

[0007] In the prior art 2, it is not indicated at all not about 
the thing which starts the expansion valve which performs the 



wire drawing at the time of air conditioning operation, and 
starts the collimator for dehumidif ication which performs wire 
drawing at the time of dehumidif ying operation but about the 
collimator for dehumidif ication which performs wire drawing 
at the time of dehumidif ying operation. Since an interval is 
vacated in the direction of refrigerant circulation and it is 
made to carry out plural -lines insertion of a honeycomb pipe, 
a porous metal, or the porosity ceramics in the prior art 2. 
When it applies to the collimator for dehumidif ication of the 
air conditioner in which dehumidif ying operation is possible, 
the pressure loss in this refrigerant piping becomes large at 
the time of cooling operation and heating operation, and the 
air conditioning performance and heating performance of an air 
conditioner fall . 

[0008] In the prior art 3 , although reduction of the refrigerant 
flow noise in dehumidif ying operation is indicated, since the 
relation of the flowing size of the air bubbles of refrigerant 
vapor- liquid two-phases flow and the collimator for 
dehumidif ication is not indicated, the factor which can reduce 
a refrigerant flow noise further is left behind by improving 
this relation. 

[0009] The purpose of the present invention is directed to a 
collimator for dehumidif ication having a simple configuration 
which uses one opening-and-closing throttle valve. Cooling 
operation, heating operation, and dehumidif ying operation 
being possible , and reducing substantially the refrigerant flow 
noise at the time of the dehumidif ying operation which can obtain 
suitable wire drawing by being stabilized easily and for a long 
period of time, and is generated with the collimator for 
dehumidif ication . It is in providing the air conditioner which 
controls the pressure loss of the refrigerant piping at the 
time of cooling operation and heating operation , and can improve 
air conditioning performance and heating performance. 

[0010] 

[Means for Solving the Problem] To achieve the above objects, 
an air conditioner that forms a refrigerating cycle by connecting 
with refrigerant piping a compressor; a heat source side heat 
exchanger; a user' s side heat exchanger thermally divided into 



two; a collimator for air conditionings which is arranged in 
between said heat source side heat exchanger and said user's 
side heat exchanger, and performs wire drawing at the time of 
cooling operation and heating operation; a collimator for 
dehumidif ication which is arranged in between said user' s side 
heat exchangers divided into two, and performs wire drawing 
at the time of dehumidif ying operation; and a four-way valve 
which is arranged in between said compressor and said heat source 
side heat exchanger and said user's side heat exchanger, and 
switches a flow of a refrigerant; and wherein the collimator 
for dehumidif ication includes an opening and closing throttle 
valve which is open for free passage between said user' s side 
heat exchangers divided into two at cooling operation and heating 
operation, and which is closed at dehumidif ying operation; and 
wherein the refrigerant piping connected to said collimator 
for dehumidif ication which installs a line-size limb to 
refrigerant piping which serves as the \ipstream side at least 
at the time of dehumidif ying operation, and porous member is 
installed to the line-size limb in a refrigerant path. 
[0011] 

[Embodiment of the Invention] Hereafter, embodiments of the 
present invention is described with reference to the drawings. 
The same reference numerals in the drawings of each embodiment 
show the same elements or their equivalents. The air 
conditioner of each embodiment is installed in buildings. 

[0 012] The first embodiment of the present invention is described 
with reference to Figs. 1 to 3 . 

[0013] At first, the configuration of the air conditioner of 
the present embodiment is described with reference to Fig. 1. 
Fig. 1 is a configuration diagram of a refrigerating cycle of 
the air conditioner of the first embodiment of the present 
invention. 

[0014] Referring to Fig. 1, the refrigerating cycle is formed 
by connecting a compressor 1, an outdoor heat exchanger 3, a 
indoor heat exchanger 5, a collimator 4 for air conditioning, 
a collimator 6 for dehumidif ication , and a four-way valve 2 
by using refrigerant piping. The outdoor heat exchanger 3 
serves as a heat source side heat exchanger. The indoor heat 



exchanger 5 serves as user side heat exchanger which is thermally 
divided into two. The collimator 4 for air conditioning is 
disposed in between the outdoor heat exchanger 3 and the indoor 
heat exchanger 5 , andperf orms wire drawing at the time of cooling 
operation and heating operation. The collimator 6 for 
dehumidif ication which is disposed in between a first indoor 
heat exchanger 5a of the indoor heat exchanger 5 divided into 
two and a second indoor heat exchanger 5b, and performs wire 
drawing at the time of dehumidif ying operation. The four- way 
valve 2 is arranged in between the compressor 1, the outdoor 
heat exchanger 3 , and the indoor heat exchanger 5 , for switching 
between an air conditioning side cycle and a heating side cycle . 
The air conditioning side cycle leads the refrigerant from the 
compressor 1 to the outdoor heat exchanger 3 . The heating side 
cycle leads the refrigerant to the indoor heat exchanger 5. 
[0015] The cooling operation which this refrigerating cycle 
uses indoor heat exchanger 5 in the air conditioning side cycle 
as an evaporator, and makes the outdoor heat exchanger 3 a 
condenser. The heating operation which makes a condenser 
indoor heat exchanger 5 in the heating side cycle, and uses 
the outdoor heat exchanger 3 as an evaporator. The air 
conditioning tendency dehumidif ying operation which used the 
second indoor heat exchanger 5b in the air conditioning side 
cycle as the evaporator, made the condenser the first indoor 
heat exchanger 5a, and made the outdoor heat exchanger 3 the 
condenser. It has configuration which can be switched without 
the heating tendency dehumidif ying operation which makes a 
condenser the second indoor heat exchanger 5b in the heating 
side cycle, uses the first indoor heat exchanger 5a as an 
evaporator, and uses the outdoor heat exchanger 3 as an 
evaporator . 

[0016] And the outdoor fan 7 is installed so that outdoor air 
may be compulsorily ventilated to the outdoor heat exchanger 
3. The indoor fan 8 is installed so that indoor air may be 
compulsorily ventilated to the indoor heat exchanger 5. 
Operation of this indoor fan 8 absorbs in parallel with the 
first indoor heat exchanger 5a and the second indoor heat 
exchanger 5b, the air which came out from now on is mixed, and 



indoor air blows off from the indoor fan 8 indoors by it. 
[0017] As for the piping member 12 which has the piping member 
11 and the line-size limb 12a which have the expanded pipe 11a, 
the porous members 13 and 14 are installed in the refrigerant 
flowing path in the expanded pipella and the line-size limb 
12a. The porous members 13 and 14 are members which the stoma 
of a large number made from the sintered metal etc. opened, 
and each stoma has connected and they can let a refrigerant 
pass here. 

[0018] As mentioned above in this embodiment, the compressor 
1, the four-way valve 2, the outdoor heat exchanger 3, the 
collimator 4 for air conditionings , and the indoor heat exchanger 
5 are connected by refrigerant piping in order, and the 
refrigerating cycle is formed. Especially the indoor heat 
exchanger 5 is divided into the first two indoor heat exchanger 
5a and the second indoor heat exchanger 5b, and the piping members 
11 and 12 including the porous members 13 and 14 are formed 
the collimator 6 for dehumidif icat ion which makes the feature 
of this example among them, and before and after that. 
[0019] Specif ically described in more detail , the four-way valve 
2 is with the time of air conditioning / air conditioning tendency 
dehumidif ying operation and heating / heating tendency 
dehumidif ying operation. It is for switching the flow 
direction of the refrigerant in this refrigerating cycle, a 
solid line arrow indicates the flow direction of the refrigerant 
at the time of cooling operation, a dashed line arrow shows 
the flow direction of the refrigerant at the time of heating 
operation, a dashed dotted line arrow shows the flow direction 
of the refrigerant at the time of air conditioning tendency 
dehumidif ying operation, and the two-dot chain line arrow shows 
respectively the flow of the refrigerant at the time of heating 
tendency dehumidif ying operation. Air conditioning tendency 
dehumidif ying operation is operation which can dehumidify 
without mainly lowering an indoor temperature, and heating 
tendency dehumidif ying operation is operation which can 
dehumidify mainly raising a room temperature here. 
[0020] As for the collimator 4 for air conditionings at the 
time of heating operation, the operation which decompresses 



a refrigerant respectively is made and this decompression action 
is kept from arising at the time of dehumidif ying operation 
at the time of cooling operation, so that an endothermic may 
be effectively performed from outdoor air by the outdoor heat 
exchanger 3, and so that an endothermic may be effectively 
performed from indoor air by the indoor heat exchanger 5. For 
this reason, the main collimator 9 and the two-way valve 10 
are making the collimator 4 for air conditionings, and the 
composition which it comes to arrange in parallel at the time 
of heating and cooling operation. The two-way valve 10 closes 
and it is made for a refrigerant to pass the main collimator 
9, and at the time of dehumidif ying operation, it is controlled 
so that the two-way valve 10 opens and a refrigerant passes 
this two-way valve 10. This collimator 4 for air conditionings 
may be good also as one expansion valve, for example, at the 
time of cooling operation, in the time of heating operation, 
it may function as a diaphragm and the expansion valve used 
in the state of full admission may be sufficient as the case 
at the time of dehumidif ying operation. 

[0021] The collimator 6 for dehumidif icat ion is in an opened 
state at the time of heating and cooling operation, serves as 
a refrigerant passage of a low-pressure power loss, and passes 
a refrigerant as it is, and acts as a throttle valve at the 
time of dehumidif ying operation. 

[0022] The piping members 11 and 12 including the porous members 
13 and 14 provided before and after the collimator 6 for 
dehumidif ication . When passing the piping member 11 to which 
the refrigerant stream of the vapor- liquid two phase including 
the porous member 13, it changes into the flow pattern having 
contained air bubbles smaller than the restriction passage of 
the collimator 6 for dehumidif ication, and is made to flow into 
the collimator 6 for dehumidif ication in the time of air 
conditioning tendency dehumidif ying operation. And when 
passing the piping member 12 to which the refrigerant stream 
of the vapor-liquid two phase including the porous member 14, 
it changes into the flow pattern having contained air bubbles 
smaller than the restriction passage of the collimator 6 for 
dehumidif ication, and is made to flow into the collimator 6 



for dehumidif ication in the time of heating tendency 
dehumidif ying operation. The piping member 12 including the 
porous member 14 rectifies the refrigerant stream which passed 
the collimator 6 for dehumidif ication at the time of air 
conditioning tendency dehumidif ying operation, and reduces 
disorder of a refrigerant stream. And the piping member 11 
including the porous member 13 rectifies the refrigerant stream 
which passed the collimator 6 for dehumidif ication at the time 
of heating tendency dehumidif ying operation, and reduces 
disorder of a refrigerant stream. 

[0023] As a result, in order to change the air bubbles in 
refrigerant vapor- liquid two-phases flow into air bubbles 
smaller than the restriction passage of the collimator 6 for 
dehumidif ication and to flow into the dehumidif ication 
restriction passage 6 in the porous member 13 or 14 provided 
in the upstream of the collimator 6 for dehumidif ication, The 
pressure pulsation at the time of diaphragm passage can be made 
small, and a refrigerant flow sound can be reduced. In the 
porous member 14 or 13 provided in the downstream of the 
collimator 6 for dehumidif ication, by rectifying the flow of 
the vapor- liquid two-phases flow which passed the collimator 
6 for dehumidif ication, disorder of a flow is made small, 
pressure fluctuation is reduced, and this also serves as 
reduction of a refrigerant flow sound. Thus, a refrigerant 
flow sound can be substantially reduced by the synergistic effect 
of the porous members 13 and 14 installed in the upstream and 
the downstream of the collimator 6 for dehumidif ication . As 
for the size of the hole of the porous members 13 and 14, in 
order to make an effect large more, it is desirable that it 
is especially below the size of the restriction passage of the 
collimator 6 for dehumidif ication. 

[0024] The condenser with which the first indoor heat exchanger 
5a and the second indoor heat exchanger 5b radiate heat indoors 
to the outdoor heat exchanger 3 turning into an evaporator which 
performs an. endothermic from outdoor air in this embodiment 
at the time of heating operation. At the time of cooling 
operation, the first indoor heat exchanger 5a and the second 
indoor heat exchanger 5b turn into an evaporator which carries 



out an endothermic from indoor air to the outdoor heat exchanger 
3 turning into a condenser. 

[0025] At the time of air conditioning tendency dehumidi f ying 
operation, the outdoor heat exchanger 3 turns into a condenser 
like cooling operation, Since the collimator 6 for 
dehumidif ication carries out the operation as a throttle valve, 
the first indoor heat exchanger 5a of the upstream turns into 
a condenser which radiates heat to indoor air, and the second 
indoor heat exchanger 5b of the downstream turns into an 
evaporator which carries out an endothermic from indoor air. 
When the second indoor heat exchanger 5b carries out an 
endothermic, indoor air is cooled and dehumidif ication is 
performed. Heat dissipation is performed by the first indoor 
heat exchanger 5a, indoor air is warmed, and comfortable 
dehumidif ying effects are acquired by mixing this cooled air 
and the warmed air and blowing off indoors so that this air 
cooling may be compensated. 

[0026] At the time of heating tendency dehumidif ying operation, 
the outdoor heat exchanger 3 just like in the heating operation, , 
it becomes an evaporator and the collimator 6 for 
dehumidif ication carries out the operation as a throttle valve, 
and the second indoor heat exchanger 5b of the upstream turns 
into a condenser which radiates heat to indoor air, and the 
first indoor heat exchanger 5a of the downstream turns into 
an evaporator which carries out an endothermic from indoor air. 
When the first indoor heat exchanger 5a carries out an 
endothermic, indoor air is cooled and. dehumidif ication is 
performed here. Heat dissipation is performed by the second 
indoor heat exchanger 5b, indoor air is warmed, and comfortable 
dehumidif ying effects are acquired by mixing this cooled air 
and the warmed air and blowing off indoors so that this air 
cooling may be compensated. Since the hot refrigerant which 
came out of the compressor 1 is led to the direct indoor heat 
exchanger 5b at this time unlike air conditioning tendency 
dehumidif ying operation, the dehumidified air with a high 
blow-off air temperature can be obtained, and it is effective 
in dehumidif ying operation in rainy season and autumn rain when 
the atmospheric temperature is comparatively low. 



[0027] Fig. 2 is a drawing of a longitudinal section showing 
the specific example of the collimator 6 for dehumidif ication 
of Fig. 1. Referring to Fig. 2, a magnet coil 21, an 
electromagnetism guide 22, a plunger 23, a shock absorbing 
material 24, a valve portion 25 constituting rod portion, a 
spring 26, a stopper 27, a valve body 28, a cylindrical portion 
28a, a slitting seat 30, a valve port 31, opening 32, valve 
chests 33 and 34, and a valve rod end faces 37. The air 
conditioner using the collimator 6 for dehumidif ication shown 
in Fig. 2, in the dehumidif ying operation which dehumidif ies 
while a refrigerating cycle protects the fall of a room 
temperature, is disclosed in JP , 11- 51514 , A for having reduced 
the refrigerant flow noise, being able to reduce amount of used 
electricity, and securing the required dehumidif ication 
amount . 

[0028] As apparent from Fig. 2, the valve body 28 installs two 
valve chests 33 and 34. The valve chest 33 serves as the 
high-tension side of a refrigerant at the time of air 
conditioning tendency dehumidif ying operation, and the valve 
chest 34 serves as the low- tension side of a refrigerant, and 
the valve chest 34 serves as the high-tension side of a 
refrigerant at the time of heating tendency dehumidif ying 
operation, and the valve chest 33 serves as the low-tension 
side of a refrigerant. And the refrigerant piping 11 from the 
first indoor heat exchanger 5a (refer to Fig. 1) is connected 
with the valve chest 33 . The refrigerant piping 12 from the 
second indoor heat exchanger 5b (refer to Fig. 1) is connected 
with the valve chest 34 . At the time of air conditioning tendency 
dehumidif ying operation, the refrigerant piping 11 turns into 
an inlet pipe of a refrigerant, and the valve chest 34 serves 
as the low-tension side. At the time of heating tendency 
dehumidif ying operation, the refrigerant piping 12 turns into 
an inlet pipe of a refrigerant, and the valve chest 3 3 serves 
as the low-tension side. In this valve chest 33, the valve 
rod 2 5 is movably formed to a sliding direction on the drawing. 

[0029] The cylindrical part 28a is formed in one , on the drawing , 
the electromagnetism guide 22 is the same, the stopper 2 7 is 
respectively formed in the upper part at the lower part, and 



the plunger 2 3 which was united with the valve rod 2 5 among 
these is arranged at the valve body 28 . This plunger 23 is making 
cylindrical and this cylindrical part is arranged between the 
lobe of the electromagnet ism guide 22 , and the cylindrical part 
2 8a. The shock absorbing material 24 is formed in the portion 
which counters the tip part of the plunger 23 in the 
electromagnetism guide 22, and the portion in which this shock 
absorbingmaterial 24 of the electromagnetism guide 22 was formed 
serves as a stopper of another side to the plunger 2 3 . This plunger 
23 is energized towards the upper part 22, i.e., an 
electromagnetism guide, with the spring 2 6 fixed to the stopper 
27. The magnet coil 21 is formed in the outside surface side 
of the cylindrical part 2 8a. 

[003 0] By this configuration, if it energizes to the magnet 
coil 21, an electromagnetic force will occur between the 
electromagnetism guide 22 and the plunger 23. The plunger 23 
and the valve rod 2 5 will move to the position with which this 
electromagnetic force and the energizing force of the spring 
2 6 balanced up and down. What is driven as a drive of the valve 
rod 25 of a dehumidif ication throttle valve using a motor, 
something driven mechanically, something to drive by the 
pressure control using a temperature sensor barrel maybe applied, 
and something of various configuration can be applied to a drive 
method . 

[0031] On the boundary of the valve chests 33 and 34, the valve 
seat 3 0 (dashed, line portion in Fig. 2) projected to the valve 
chest 3 3 side is formed. The valve chest 3 4 uses the boundary 
with the valve chest 33 of the portion of this valve seat 3 0 
as the valve port 31. It uses the terminal area with the 
refrigerant piping 12 as the clear aperture 32. The tip part 
of the valve rod 25 is cylindrical shape, having a slightly 
larger outer diameter than the path of the valve port 31 of 
the valve seat 30, and the one or more slitting slots 2 9 are 
established in the valve seat 30 . Any shape of a slitting quirk 
of this throttle valve isapplicable inaVgroove or a cylindrical 
shape slot. 

[0032] In this configuration, if it energizes to the magnet 
coil 21, the energizing force of the spring 26 will be resisted, 



the plunger 23 and the valve rod 25 will be depressed by the 
big electromagnetic force generated between the 
electromagnetism guide 22 and the plunger 23, and the tip of 
the valve rod 25 will contact the valve seat 30. At this time, 
a field surrounded by the slitting slot 2 9 of the valve rod 

2 5 and the valve seat 3 0 considers it as the refrigerant 
restriction passage 37, and opens the valve chest 3 3 and the 
valve chest 34 for free passage. 

[0033] Since the above-mentioned electromagnetic force will 
be lost if the energization to the magnet coil 21 is stopped, 
the valve rod 2 5 is lifted by the energizing force of the spring 
26 , and the valve rod 2 5 leaves it with the valve seat 3 0 . Thereby, 
the valve port 31 opens, the refrigerant restriction passage 

3 8 is lost and the valve chests 3 3 and 34 open it for free passage 
by the valve port 31. 

[0034] Thus, as the specific example that makes the structure 
of a dehumidif ication throttle valve, the size of the path Dl 
of the valve chest 34 and the path D2 of the piping 12 are 
equivalent and more at least, and the size of the path Dl of 
the valve chest 34 and the piping 11 path D3 being equivalent, 
at least when the valve rod 2 5 is fully open. The loss by the 
pressure decline accompanying the bend to the valve chest 34 
from the valve chest 33 arises, and the refrigerant passage 
of a low-pressure power loss will be formed. The refrigerant 
restriction passage 38 will be formed in the time of full close 
of the valve rod 25 , andrequiredpressure decline will be brought 
about . 

[0035] And the expanded pipes 11a and lib are formed in the 
opening gateway section to the valve body 28, respectively, 
and, as for the refrigerant piping 11 and 12 of the both sides 
linked to the collimator 6 for dehumidif ication, the porous 
members 13 and 14 are installed, respectively, all over this 
expanded pipe 11a and the refrigerant passage in lib. 
[0036] These porous members 13 and 14 consist of the flanges 
13a and 14a which constitute an edge part, and the convex shaped 
parts 13b and 14b which it extends in cylindrical shape from 
the center section of these flanges 13a and 14a, and have a 
top face part in that tip part. And as for the porous members 



13 and 14, the flanges 13a and 14a are attached to the inner 
skin of the expanded pipes 11a and 12a . The convex shaped parts 
13b and 14b are arranged so that it may project in the ant i -valve 
body side. 

[003 7] Thus, two effects are among the porous members 13 and 

14 made into the convex shaped parts 13b and 14b greatly. After 
passing the porous members 13 and 14 as the first effect first, 
it is the air bubbles by which minuteness making was carried 
out uniting again, and keeping them from turning into big air 
bubbles. Since the distance of the side of the convex shaped 
parts 13b and 14b of the porous members 13 and 14 and the inner 
surface of the expanded pipes 11a and 12a becomes narrow, when 
it is considered as convex towards the valve body side. The 
binding force to which the refrigerant of the two-phases flow 
which flows out of the heat exchangers 5a and 5b which are 
condensers at the time of dehumidifying operation acts on making 
minute air bubbles which passed the porous members 13 and 14 
and flowed into this narrow field becomes large, and there is 
a possibility of air bubbles colliding and uniting and returning 
to big air bubbles. On the other hand, by considering it as 
a convex configuration like the present embodiment at the 
anti-valve body side. The refrigerant of the two-phases flow 
which, flows out of the heat exchangers 5a and 5b which are 
condensers at the time of dehumidifying operation passes the 
porous members 13 and 14 , after making of the minute air bubbles , 
it will flow into a large space, and uniting of air bubbles 
can be prevented. 

[0038] As the second effect, air bubbles are divided with the 
acute angle edge made to the convex shaped parts 13b and 14b. 
If the porous members 13 and 14 are made into a convex 
configuration at the upstream, channeling will occur between 
the side of the convex shaped parts 13b and 14b of the porous 
members 13 and 14, and the inner surface of the expanded pipes 
11a and 12a . At this time , by the edge part in the convex shaped 
parts 13b and 14b of the porous members 13 and 14, air bubbles 
cannot bend acutely, but big air bubbles are torn to pieces 
and it becomes small air bubbles according to the shearing force 
by a flow. As a result, big air bubbles can be certainly used 



as a fine bubble through two steps, the subdivision with the 
edge of the porous members 13 and 14, and the minuteness making 
by porosity. 

[003 9] Next, the operation at the time of the heating operation 
of this example , cooling operation , and dehumidif ying operation 
is described. 

[0040] At the time of heating and cooling operation, energization 
to the magnet coil 21 is not performed, but, for this reason, 
the valve rod 2 5 is in the state where it was raised, and the 
valve chests 3 3 and 34 are open for free passage by the valve 
port 31 of a large area. At the time of heating operation, 
from the second indoor heat exchanger 5b, a refrigerant flows 
into the refrigerant piping 11 through the refrigerant piping 
12, the valve chest 34, the valve port 31, and the valve chest 

33, and is sent to an opposite direction with an arrow at the 
first indoor heat exchanger 5a. At this time, as mentioned 
above, the outdoor heat exchanger 3 (refer to Fig. 1) operates 
as an evaporator, and these indoor heat exchangers 5 (refer 
toFig. 1) operate as a condenser . At the time of cooling operation, 
from the first indoor heat exchanger 5a, a refrigerant flows 
into the refrigerant piping 12 through the refrigerant piping 
11, the valve chest 33, the valve port 31, and the valve chest 

34, and is sent to an arrow direction at the second indoor heat 
exchanger 5b. At this time, as mentioned above, the outdoor 
heat exchanger 3 operates as a condenser, and these first indoor 
heat exchangers 5a and the second indoor heat exchanger 5b 
operate as an evaporator . 

[0041] At the time of air conditioning tendency dehumidif ying 
operation, energization to the magnet coil 21 is performed, 
and the valve rod 25 in a dehumidif ication throttle valve 
contacts the valve seat 30, and closes the valve port 31. The 
field surrounded in the valve rod 25 and the slitting slot 29 
established in the valve seat 3 0 is formed as the refrigerant 
restriction passage 3 8 , and the valve chests 3 3 and 34 are opened 
for free passage via this refrigerant restriction passage 38. 
At this time, a refrigerant flows into the same arrow direction 
as cooling operation through the valve chest 33, the ref rigerant 
restriction passage 38, the valve chest 34, and the refrigerant 



piping 12 from the refrigerant piping 11, and is decompressed 
by these refrigerant restrictionpassages 38 to aproper pressure . 
As a result, the valve chest 33 serves as the high-tension side, 
and the valve chest 34 serves as the low-tension side. And at 
this time, as mentioned above, the outdoor heat exchanger 3 
is a condenser and, in the first indoor heat exchanger 5a, the 
second indoor heat exchanger 5b as a condenser ( reheat er) 
operates as an evaporator (condensator) . Thus, although 
dehumidified in the second indoor heat exchanger 5b, cooling 
indoor air, it becomes possible to perform dehumidif ying 
operation dehumidified while indoor air will be heated by the 
first indoor heat exchanger 5a, therefore the fall of a room 
temperature is prevented. 

[0042] At the time of heating tendency dehumidif ying operation, 
energization to the magnet coil 21 is performed in a similar 
manner. The valve rod 25 in a dehumidif icat ion throttle valve 
contacts the valve seat 30, and closes the valve port 31, the 
field surrounded in the valve rod 25 and the slitting slot 2 9 
established in the valve seat 3 0 is formed as the refrigerant 
restriction passage 3 8 , and the valve chests 33 and 34 are opened 
for free passage via this refrigerant restriction passage 38. 
At this time, a refrigerant flows into the same arrow direction 
as heating operation through the valve chest 34 , the refrigerant 
restriction passage 3 8 , the valve chest 3 3 , and the refrigerant 
piping 11 from the refrigerant piping 12, and is decompressed 
by these refrigerant restrictionpassages 38 to aproper pressure . 
As a result, the valve chest 34 serves as the high-tension side, 
and the valve chest 33 serves as the low-tension side. And at 
this time, as mentioned above, the outdoor heat exchanger 3 
is an evaporator and, in the first indoor heat exchanger 5a, 
the second indoor heat exchanger 5b as an evaporator 
(condensator) operates as a condenser (reheater) . Thus, 
although dehumidified in. the first indoor heat exchanger 5a, 
cooling indoor air, it becomes possible to perform dehumidif ying 
operation dehumidified while indoor air will be heated by the 
second indoor heat exchanger 5b, therefore the fall of a room 
temperature is prevented. 

[0 043] In this embodiment, by making variable the number of 



rotations of the outdoor fan 7 , and by changing the condensing 
capacity in the outdoor heat exchanger 3, alternatively, by 
making the number of rotations of the compressor 1 variable, 
and by changing the capability of the compressor 1 to change 
the condensing capacity in the first indoor heat exchanger 5a, 
that is, heat release, and the temperature of the blow-off air 
can be controlled by the indoor fan 8 over the wide range from 
air conditioning tendency to heating tendency. 
[0 044] The first indoor heat exchanger 5a and the second indoor 
heat exchanger 5b, when viewed from the interior of a room, 
are arranged above and below. The indoor fan 8 divides the 
indoor air into the first indoor heat exchanger 5a and the second 
indoor heat exchanger 5b, which are also arranged in forward 
and backward, when viewed from the interior of a room. Not 
only it arranges right and left viewed from the interior of 
a room, but it may be made to pass the indoor air from the second 
indoor heat exchanger 5b side to the first indoor heat exchanger 
5a side, by the indoor fan 8. 

[0045] In the embodiment mentioned above, The first indoor heat 
exchanger 5a and the second indoor heat exchanger 5b were divided 
into two and used in opened state at the time of cooling operation 
and heating operation. A free passage is allowed in between 
them. The collimator 6 for dehumidif ication is constituted 
from an opening-and-closing throttle valve which opens for free 
passage between the first indoor heat exchanger 5a and the second 
indoor heat exchanger 5b which extracted at the time of air 
conditioning tendency dehumidif ying operation and heating 
tendency dehumidif ying operation, changed into the state, and 
were divided into two. Cooling operation, heating operation, 
air conditioning tendency dehumidif ying operation, and heating 
tendency dehumidif ying operation are possible at the collimator 
6 for dehumidif ication of the easy configuration of using one 
opening-and- closing throttle valve. The expanded pipes 11a 
and 12a are formed in the refrigerant piping 11 and 12 of the 
both sides linked to the collimator 6 for dehumidif ication, 
respectively. The porous members 13 and 14 are installed, 
respectively, all over these expanded pipes 11a and the 
refrigerant passage in 12a. Being able to obtain suitable wire 



drawing which correspond to the applicable air conditioner by 
being stabilized easily and for a long period of time, and by 
doing so the effect mentioned above that the pressure loss of 
the refrigerant piping at the time of cooling operation and 
heating operation can be controlled. In addition to that, an 
area of porous member 13 and 14 can be set large. The size 
of pores of the porous member 13 and 14 is reduced to make the 
size of air bubbles in the refrigerant small. Resistance of 
the refrigerant passing through is reduced by increasing the 
number of pores. Refrigerant flow noise that occur in the 
collimator 6 for dehumidif icat ion during cooling operation is 
greatly reduced. Pressure loss of the refrigerant piping 13 
and 14 during cooling and heating operation can be suppressed. 
[0046] The first indoor heat exchanger 5a and the second indoor 
heat exchanger 5b were divided into two and used in opened state 
at the time of cooling operation and heating operation. A free 
passage is allowed in between them. The collimator 6 for 
dehumidif icat ion is constituted from an opening-and- closing 
throttle valve which opens for free passage between the first 
indoor heat exchanger 5a and the second indoor heat exchanger 
5b which extracted at the time of air conditioning tendency 
dehumidif ying operation and heating tendency dehumidif ying 
operation, changed into the state, and were divided into two. 
Cooling operation, heating operation, air conditioning 
tendency dehumidif ying operation, and heating tendency 
dehumidif ying operation are possible at the collimator 6 for 
dehumidif icat ion of the easy configuration, of using one 
opening-and-closing throttle valve. The expanded pipes 11a 
and 12a are formed in the refrigerant piping 11 and 12 of the 
both sides linked to the collimator 6 for dehumidif ication, 
respectively. The porous members 13 and 14 are installed, 
respectively, all over these expanded pipes 11a and the 
refrigerant passage in 12a. Being able to obtain suitable wire 
drawing which correspond to the applicable air conditioner by 
being stabilized easily and for a long period of time, and by 
doing so the effect mentioned above that the pressure loss of 
the refrigerant piping at the time of cooling operation and 
heating operation can be controlled. At both times of air 



conditioning tendency dehumidif ying operation and heating 
tendency dehnmidif ying operation, reduction of the refrigerant 
f lownoise in the collimator 6 for dehumidif ication by the porous 
members 11 and 12 of the upstream and reduction of the flow 
sound by the rectification of the porous members 12 and 11 of 
the downstream can be doubled and attained. 

[0 047] The expanded pipes 11a and 12a are provided in the opening 
inlet section to the valve body 2 8 in the refrigerant piping 
11 and 12 which serves as the upstream of the collimator 6 for 
dehumidif ication at the time of dehumidif ying operation . Since 
the porous members 13 and 14 are installed all over this expanded 
pipe 11a and the refrigerant passage in 12a, the expanded pipes 
11a and. 12a can be formed easily just by expanding the open 
end of the refrigerant piping 11 and 12 or by shrinking one 
side from the open end. In these expanded pipes 11a and 12a, 
from the open end side, the porous members 13 and 14 can be 
inserted easily and can be installed. Moreover, the collimator 
6 for dehumidif ication can be approached most and the expanded 
pipes 11a and lib and the porous members 13 and 14 can be formed 
at a low cost. The refrigerant piping 13 and. 14 prolonged from 
the expanded pipes 11a and 12a can be taken about easily, and 
the collimator 6 for dehumidif ication can be easily installed 
in the narrow place in an air conditioner. 

[0048] The porous members 13 and 14 attach the edge parts 13a 
and 14a to the inner surface of the expanded pipes 11a and 12a. 
Convex configuration at their center section at ant i -valve body 
side can prevent formation of bigger air bubbles after passing 
the porous members 13 and 14 , by uniting of the minute air bubbles . 
Division of air bubbles with the edge of the convex shaped parts 
13b and 14b can be promoted. 

[0049] The size of the air bubbles contained in the refrigerant 
vapor- liquid two-phases flow which flows into the collimator 
6 for dehumidif ication is controllable by arranging the piping 
members 11 and 12 including the porous members 13 and 14 shown 
in Fig. 1 before and. after the collimator 6 for dehumidif ication 
shown in Fig. 2. Since, the size of the hole of a porous member 
is especially made smaller than the size of the refrigerant 
restriction passage 38, the size of the air bubbles into which. 



the porous members 13 and 14 which changes at the time of passage 
can be made smaller than the size of a refrigerant restriction 
passage. Therefore, pressure pulsation can be reduced 
substantially, and it becomes possible to reduce a refrigerant 
flow noise rather than the case of independently using the 
collimator 6 for dehumidif ication of Fig. 2. 

[00 50] Next, the modified examples of the porous members 13 
and 14 for the first embodiment is described by using Fig. 3. 

[0051] These porous members 13 and 14 are provided with the 
flanges 13a and 14a where their outer edges are attached to 
inner surface of the expanded pipes 11a and 12a, and the convex 
shaped parts 13b and 14b which project in conical shape so that 
it may have an inclined plane in the upstream at the time of 
dehumidif ying operation from that center section. 

[0052] According to the first modified example, a distance of 
the wall of the expanded pipes 11a and 12a and the side of the 
convex shaped parts 13b and 14b of the porous members 13 and 
14 is separated in the center section, when compared with what 
is shown in Fig. 2. Edge effect becomes small, however, the 
large face where a flow collides can be taken. Therefore, the 
effect of the minuteness of the air bubbles by the collision 
of the flow containing air bubbles can be enlarged at the porous 
members 13 and 14. 

[0053] Next, the air conditioner of the second embodiment of 
the present invention is described by using Figs . 4 to 12 . Fig . 
4 is a block diagram of the refrigerating cycle of the air 
conditioner according to the second embodiment of the present 
invention. Fig. 5 are the cross-sectional views of the collimator 
for dehumidif ication of the air conditioner. 
[0054] According to the second embodiment, the expanded pipes 
11a and lib respectively are provided interim portions separate 
from the collimator 6 for dehumidif ication of the refrigerant 
piping 11 and 12 linked to the collimator 6 for dehumidif ication . 
During the refrigerant passage inside the expanded pipes 11a 
and lib, flat porous members 13 and 14 are respectively 
installed. These points are fundamentally the same as the first 
embodiment . 

[0055] Also in this second example, the same effect is done 



so in the composition which is common in the first example. 
[00 56] Next, the modified example of the porous member 13 in 
the second embodiment is described by using Figs. 6 to 12 . The 
modified example of the porous member 13 in this second 
embodiment is applicable also to the porous member of the first 
embodiment, and it is also applicable to the porous member 14 
of the second embodiment . 

[0057] Figs . 6 and 7 are the drawings showing the first modified 
example of the porous member 13 of the second embodiment. The 
porous member 13 has a twisting shape in shaft direction of 
the piping. As shown in Fig . 6, the porous member 13 is attached 
inside of the piping member 11. A solid line arrow shows the 
a refrigerant flow in front of the twisted porous member 13, 
and a dashed line arrow shows a refrigerant flow at inner part 
of the twisted porous member. Although the main refrigerant 
flow turns into a flow along a shape of the twisted porous member 
13, that is, a flow that leads to the dashed line arrow from 
a solid line arrow, however, the porous member 13 can let a 
refrigerant pass through, so that there exist a flow indicated 
by dashed dotted line. The flow having contained the big air 
bubbles which pass along this by the flow of a solid line arrow 
to a dashed line arrow turns into a flow by which air bubbles 
were minutely divided in the turning stream. Bypassing through 
a porous member, the air bubbles are minutely divided, by the 
flow of the dashed dotted line, and they turn into air bubbles 
smaller than the size of the restriction passage of the 
collimator for dehumidif icat ion . This arises when refrigerant 
vapor- liquid two-phases flow collides upon passing through the 
pores, the big air bubbles are divided into minute air bubbles 
by the shearing force and flown into the refrigerant stream 
from a face different from a collided face. 

[0058] As shown in Fig. 7, only a part of the cross-sectional 
area of the porous member 13 is closed among the cross -sectional 
areas of the piping member 11, and the remaining portion exists 
as the refrigerant passages 11c, lid, le, and llf . Therefore, 
the piping member 11 should have the expanded pipe 11a which 
is larger than the cross -sectional area of the piping member 
13 by the cross-sectional area of the porous member 13 at least . 



Since the pressure loss at the time of cooling operation and 
heating operation does not need be large compared to the case 
without the porous member 13 , there is no need to make the expanded 
pipe 11a large. The refrigerant passages 11c and lie are 
connected with the refrigerant passages lid and llf . For this 
reason, since the function of dividing the air bubbles caused 
by twisted shape of the turning stream is maintained, the 
function of an air conditioner can also be maintained . Further, 
a refrigerant flow noise becomes smaller than the case of 
independently using the collimator for dehumidif ication . Note 
that a quantity of torsion is at least a single twist, that 
is, more than 180 degrees twist would be effective. 
[0059] Figs. 8 and 9 are drawings showing a second modified 
example of the porous member 13 of the second embodiment . This 
porous member 13 is alternately arranged in the expanded pipe 
11a of the piping member 11. Although the porous member 13 
occupies a part of section of the expanded pipe 11a, but not 
all are covered so that a refrigerant passage llg is secured. 
The main flow of the refrigerant at this time is shown by a 
solid line arrow in Fig. 8. Due to the alternately arranged 
porous members 13a to 13e, the refrigerant passage meanders, 
therefore , large air bubbles are minutely divided by the shearing 
force of the flow, when the flow direction changes. Bypassing 
through a porous member, air bubbles are minutely divided by 
the flow of a dashed line , and they turn into air bubbles smaller 
than the size of the restriction passage of the collimator for 
dehumidif ication. This arises when refrigerant vapor- liquid 
two-phases flow collides and flows into the porous member 13. 
Upon passing through the pores, the big air bubbles are divided 
into minute air bubbles by the shearing force and flown into 
the refrigerant stream from a face different from a collided 
face. Since the porous member 13 is arranged alternately, the 
main refrigerant flow serves as meandering flow, and air bubbles 
effectively are divided by the shearing force with the edge 
of the end of the porous member 13. Since this effect will be 
maintained even if the porous member 13 is clogged, a refrigerant 
flow noise becomes smaller than the case of independently using 
the collimator for dehumidif ication . Since a refrigerant 



passage is certainly secured, the function of an air conditioner 
is also maintainable . At this time , the piping member 50 should 
have a diameter which is larger than the cross -sectional area 
of the piping member by an area of the porous member 13 covering 
the cross-sectional area of the piping member at least. Since 
the pressure loss at the time of cooling operation and heating 
operation does not need be large compared to the case without 
the porous member 13, there is no need to make the expanded 
pipe 11a large. 

[0060] Fig. 10 is a drawing showing a third modified example 
for the porous member 13 of the second embodiment. This porous 
member 13 is for acquiring the synergy effect of the porous 
members 13 of the first and second modified examples. This 
porous member 13 has a cross shape . The porous member 13 become 
effective by arranging the porous members 13 along a shaft 
direction, where each of them is offset at an angle of 45 degrees . 

[0061] In arrangement of the porous member 13 of the first to 
third modified example mentioned above, because not all of the 
cross -sectional area of the piping where the refrigerant flows 
is covered by the porous member 13 , when a trash or contamination 
adhere to the porous member 13 to cause clogging, still the 
refrigerant flows into the collimator for dehumidif ication. 
T performance of an air conditioner can be maintained without 
losing its functions. 

[00 62] In case of using a sintered metal for the porous member 
13 of the first to third embodiments, for example, a 
torsion- shaped mold and a cross -shaped mold are prepared and 
manufactured . 

[00 63] Fig. 11 is a drawing showing a fourth modified example 
for the porous member 13 of the second embodiment . This porous 
member 13 totally covers a cross section of the piping. This 
porous member 13 has a factor of increasing pressure loss due 
to the porous member 13 during the air conditioning and heating 
operations . Then, the diameter of the piping member which forms 
the porous member 13 is enlarged. At the same time, a surface 
area of the upstream side of the flow direction of the porous 
member 13 is larger than a cross-sectional area of the piping 
member 11 at the upstream of the expansion piping member 11, 



to form a convex configuration. After passing through the 
porous member 13, a convex configuration toward the upstream 
side is formed so that the minute air bubbles may not unite 
again to result in a bigger air bubble. This is also used for 
a minute air bubble effect due to collision among a refrigerant 
flow and the porous member 13. 

[0064] Fig. 12 is a drawing showing a fifth modified example 
for the porous member 13 of the second embodiment . This porous 
member 13, which has been modified from the porous member 13 
of the fourth embodiment, has a convex and conical shape. 
Thereby, the same effect as the porous member 13 of the first 
embodiment can be achieved. 

[0065] In the refrigerating cycle of the first and second 
embodiments, an accumulator may be formed in the inlet side 

(between the second indoor heat exchanger 5b and the compressors 
1) of the compressor 1. Depending on the type of compressor 
1 or the kind of collimator 4 for air conditionings and. the 
control method inuse , the configuration may have a refrigerating 
cycle with an accumulator. A receiver may be formed between 
the outdoor heat exchanger 3 and the collimator 4 for air 
conditionings. Depending on the kind of compressor 1 or the 
kind of collimator 4 for air conditionings, and the control 
method in use, it can have the configuration of a refrigerating 
cycle with a receiver. 

[0066] As for types of refrigerant that flows through the 
refrigerating cycle, a mixed refrigerant (for example, R407C, 
R410A, and R32) which is one of the single refrigerant of the 
HCFC22 grade generally used by the air conditioner and the 
substitute refrigerants which replace HCFC22 from a point of 
ozone layer depletion or global warming can be used. Especially 
for high pressure refrigerant such as R410A and R32, owing to 
the physical properties of these refrigerants , refrigerant flow 
rate compared to that of R22 is about 60% in R32, and about 
70% in R410A. Therefore, pressure loss is reduced, and the 
pressure loss does not become large even if the porous member 
13 is installed before and after the collimator for 
dehumidif ication. There is no need to enlarge, for example, 
the diameter of the piping member where the porous member 13 



is installed as large as the case of using R22 . In the case 
of the HFC system refrigerant which is one of the substitute 
refrigerants, since it does not have a chlorine atom, it has 
a strong polarity. Therefore, a refrigerating machine oil in 
use must also have a polarity of dissolving with HFC system 
refrigerant. However, during manufacturing process or upon 
installation of the air conditioner, impurities, such as 
contamination, remain in the refrigerating cycle. These 
contamination are mostly non-polar substances. A highly 
reactive impurities at high temperature inside the compressor 
or additives contained in the refrigerating machine oil reacts 
to from a sludge which is anon-polar substance . These non-polar 
substances may deposit in the liquid refrigerant, and may 
accumulate within a refrigerating cycle . These are most likely 
to be accumulated at a narrow refrigerant restriction passage. 
By applying various shapes of the porous member 13 in, these 
embodiments, piping which has arranged the porous member 13 
is prevented from clogging, and the function of an air 
conditioner can be maintained. A natural type refrigerant (HC 
refrigerants) can be used as the refrigerant. Examples of 
natural type refrigerant (HC refrigerants) are propane, 
isobutane, and C02 (carbon dioxide) . 

[0067] So far in these embodiments, the air conditioner of a 
building has been described, however, its application is not 
limited to this but is applicable to other apparatus requiring 
dehumidifying operation. In such a case, in general, a heat 
exchanger in use is not restricted as indoor or outdoor. In 
this case, an indoor heat exchanger is called the heat source 
side heat exchanger. An indoor fan is called the user's side 
fan. An outdoor fan is called the heat source side fan. 

[0068] As for compressor types, the similar effect can be 
acquired by using a constant speed rotor even when a control 
that changes the rotation number of a compressor is not being 
used. 

[0069] In the present invention, an example of the porous member 
includes a sintered metal , a foamed metal, a wire gauze (mesh) , 
a honeycomb board, and a porous board. 

[0070] As described above, according to the air conditioner 



of each embodiment, the collimator for dehumidif ication which 
divides an indoor heat exchanger (i.e. an user's side heat 
exchanger) into two. The collimator for dehumidif ication is 
installed in between them to be used at the time of dehumidif ying 
operation. During dehumidif ication operation, one of them is 
used as an evaporator of the user's side heat exchanger, and 
the other one is used as a condenser. In such a refrigerating 
cycle which performs air cooling, dehumidif ication, andheating, 
a piping material including porous member is installed before 
and after the collimator for dehumidif ication . The size of 
pores of the porous member is smaller than the size of the 
refrigerant restriction passage of the collimator for 
dehumidif ication . When a refrigerant passes through the porous 
member at an upstream side of the collimator for dehumidif ication , 
the size of the air bubbles of the refrigerant vapor- liquid 
two-phases flow becomes smaller than the size of the restriction 
passage of the collimator for dehumidif ication . Therefore, 
pressure pulsation generated upon passing through the porous 
member of the upstream of the collimator for dehumidif ication 
is reduced. Also, a refrigerant flow noise can be reduced. 
Turbulence in the refrigerant flow passing through the 
collimator for dehumidif ication can be rectified by the porous 
member at the downstream of the collimator for dehumidif ication . 
Pressure variation of the refrigerant flow is controlled and 
the refrigerant flow noise can be reduced. That is, two kinds 
of refrigerant flow noises can be reduced, at the same time, 
namely, the refrigerant flow noise intermittently generated 
upon passage of the minute air bubbles, and the refrigerant 
flow noise continuously generated upon the downstream side. 
Moreover, the pressure loss in the porous member at the time 
of cooling and heating operations can be set small. . An influence 
which it has on the performance of the air conditioner is 
minimized, and its functional maintenance is attempted. 
[0071] 

[Effect of the Invention] According to the present invention, 
as for the simple collimator for dehumidif ication that uses 
one opening-and- closing throttle valve , the cooling operation, 
heating operation, and dehumidif ying operation are possible. 



At the same time, throttling is readily obtained and stabilized 
for a long period. In addition to that, substantial reduction 
of the refrigerant flow noise at the time of the dehumidif ying 
operation is enabled. Pressure loss of the refrigerant piping 
at the time of cooling operation and heating operation is 
suppressed. In this way, air conditioning having improved 
cooling and heating performances is obtained. 

[Brief Description of the drawings] 

[Fig. 1] A block diagram of the air conditioner cycle for the 
first embodiment of the present invention. 

[Fig. 2] A cross-sectional view of the collimator part for 
dehumidif ication of the air conditioner. 

[Fig. 3] A cross-sectional view of the collimator part for 
dehumidif ication having a modified example of the porous member 
of the air conditioner. 

[Fig. 4] A block diagram of air conditioner cycle of the second 
embodiment of the present invention. 

[Fig. 5] A cross-sectional view of the collimator part for 
dehumidif ication of the air conditioner. 

[Fig. 6] A cross-sectional view of a line-size limb showing 
the first embodiment of the porous member of the air conditioner . 

[Fig. 7] A cross-sectional view A-A of the line-size limb. 

[Fig. 8] A cross-sectional view of a line-size limb showing 
the second embodiment of the porous member of the air 
conditioner . 

[Fig. 9] A central sectional view of the line-size limb. 

[Fig. 1.0] A cross-sectional view of a line-size limb showing 
the third embodiment of the porous member of the air conditioner . 

[Fig. 11] A cross-sectional view of a line-size limb showing 
the fourth embodiment of the porous member of the air 
conditioner . 

[Fig. 12] A cross- sectional view of a line-size limb showing 
the fifth embodiment of the porous member of the air conditioner . 

[Description of Notations] 
compressor 1 
four -way valve 2 

outdoor heat exchanger (heat source side heat exchanger) 3 



collimator for air conditionings 4 

indoor heat exchanger (user's side heat exchanger) 5 

first indoor heat exchanger 5a 

second indoor heat exchanger 5b 

collimator for dehumidif ication 6 

outdoor fan 7 

indoor fan 8 

main collimator 9 

two-way valve 10 

piping member including porous member 11, 12 

expanded pipe 11a, 12a 

porous member 13, 14 

electromagnetism coil 21 

electromagnetism guide 22 

plunger 2 3 

shock absorbing material 24 

Valve rod (valve portion) 2 5 

spring 2 6 

stopper 2 7 

valve body 2 8 

slitting slot 29 

valve seat 3 0 

valve port 31 

clear aperture 32 

valve chest 33, 34 

piping inside diameter D2 , D3 

expanded path of in the collimator for dehumidif ication D2a, 
D3a 



